The aim of this study was to determine the effects of selected plant growthpromoting rhizobacteria (PGPR) on some physiological characteristics, plant growth, yield, and plant nutrient content of lettuce grown under different irrigation levels. Field experiments were carried out as split plot based on randomized complete block design with three replications. Three irrigation levels, I 1 = 100% (control), I 2 = 75%, and I 3 = 50% of the field capacity (FC), were determined at the 0-15 cm soil depth by time-domain reflectometry (TDR), as main plots and three levels of bacterial species consisting of no bacterial inoculation (control), Bacillus megaterium TV 6D (B 1 ), Bacillus subtilis TV 12H (B 2 ) as sub plots in 2012 and 2013. Physiological characteristics, plant growth, yield, and plant nutrient content of lettuce was significantly affected by PGPR and irrigation quantities. Results showed that decreasing irrigation quantities significantly decreased the growth, dry and fresh head weight, and yield of lettuce in both years. Moreover, lower irrigation levels caused a decrease in leaf relative water content (LRWC), stomatal conductance (SC), and plant nutrient element content, but an increase electrolyte leakage (EL) and lipid peroxidation [malondialdehyde (MDA)]. However, PGPR inoculations significantly increased the growth, nutrient element content, LRWC, SC, and yield but decreased EL and MDA of lettuce plants grown under lower irrigation levels. The results of the study suggested that PGPR inoculations could alleviate the deleterious effects of lower irrigation conditions on the growth and yield of lettuce plants.
Water deficit is one of the main constraints affecting plant growth and crop yield in arid, semiarid, and even in humid areas, causing the fatal economic losses in agriculture (Marulanda et al., 2009; Sandhya et al., 2010) . Drought has been reported to affect various aspects of human lives of one-third of the world's population including human health and agricultural productivity. For example, according to an estimate by the United Nations, one-third of the world's population lives in areas where water is scarce. Furthermore, climatic changes also enhanced the frequency and intensity of water shortage in subtropical areas of Asia and Africa (Athar and Ashraf, 2009) . Water deficit results in limitation to the plant growth and yield in agricultural crops. The decline of plant growth caused by water insufficiency is considered to be one of the most important ecological factors limiting plant survival and establishment (Henry and Le Hou'erou, 1996) .
Plants are constantly exposed to a wide range of environmental stresses, which limit plant productivity. Over several centuries, breeding programs have focused on generating crop species with enhanced productivity under suboptimal environmental conditions (Saravanakumar et al., 2011) . Drought resistance has been suggested as being a ''complex trait,'' especially with the recent expansion of research into its genomics (Blum, 2011) . Breeding of new crop varieties, screening, and selection of the existing germplasm of potential crops for mitigating the deleterious effects of drought stress have been suggested as major strategies. However, extent and rate of progress in improving stress tolerance in crops through conventional breeding program is limited. This is due to complex mechanism of abiotic stress tolerance, which is controlled by the expression of several minor genes. Furthermore, techniques employed for selecting tolerant plants are time consuming and consequently expensive (Athar and Ashraf, 2009) . Therefore, improving methods and strategies to cope with deleterious effects of drought stress has received considerable attention nowadays. Recently, an alternative strategy to mitigate the harmful effects of water deficit on crops using PGPR has been suggested (Forchetti et al., 2010) .
PGPR colonize the rhizosphere of plants and promote growth through various direct and indirect mechanisms (Glick, 1995) . They have been suggested to ameliorate the growth of plants grown under environmental stress conditions, protecting plants from the deleterious effects of environmental stresses (Karlidag et al., 2011; Sandhya et al., 2010; Yildirim et al., 2006 Yildirim et al., , 2008 Yildirim et al., , 2011 . The growthpromoting effect of PGPR may be mediated by reduction of stress ethylene production via the action of 1-aminocyclopropane-1-carboxylate (ACC) deaminase (Mayak et al., 2004) ; the synthesis of phytohormones such as indole-3-acetic acid (IAA), salicylic acid (SA), and gibberellin (GA) (Arkhipova et al., 2007; Forchetti et al., 2010; Turan et al., 2014) ; alleviation of the oxidative damage (Kohler et al., 2008) ; inducing changes in the expression of reactive oxygen species (ROS)-scavenging enzymes; and improved photosynthetic performance (Gururani et al., 2013) . The term ''induced systemic tolerance'' has been proposed for PGPR-induced physical and chemical changes in plants that result in enhanced tolerance to abiotic stress (Yang et al., 2009 ). Furthermore, Pereyra et al. (2006) reported that PGPR inoculation could contribute to protect plants from HORTSCIENCE VOL. 50(9) SEPTEMBER 2015 1379 | SOIL MANAGEMENT, FERTILIZATION, AND IRRIGATION drought stress through changes in the fatty acid distribution profiles of phosphatidylcholine and phosphatidylethanolamine major root phospholipids.
The PGPR have been reported to ameliorate the deleterious effects of drought stress on plant growth (Gururani et al., 2013; Heidari and Golpayegani, 2012; Marulanda et al., 2009; Mayak et al., 2004; Pereyra et al., 2006; Sandhya et al., 2010; Saravanakumar et al., 2011) . A review of literature reveals that there is no much investigation in relation to drought acclimation of lettuce treated with PGPR in lettuce. Therefore, this study was undertaken to determine the effects of PGPR on some physiological characteristics, plant growth, yield, and plant nutrient content of lettuce grown under different irrigation levels.
Material and Methods
Climate of the experimental site and soil properties. Field experiments in 2012 and 2013 were conducted at the Research Station in Ataturk University, Erzurum (39.933°N, 41.236°E; 1794 m above sea level), Turkey. Experimental area has semiarid climate due to 404.9 mm average yearly precipitation according to 1971-2013 period data. In 2012 lettuce growing period (20 July-6 Sept.), average temperature, relative humidity, wind speed, daily sunshine, total evaporation, and precipitation values were 20.0°C, 49.6%, 1.9 m · s -1 , 9.4 h, 350 mm, and 38.4 mm, respectively. In addition, values of these climatic parameters in growing period (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) Sept.) of 2013 were 16.1°C, 48.7%, 1.7 m · s -1 , 9.5 h, 256.6 mm, and 15 mm, respectively. Evaporation and precipitation values were measured in a Class A pan and a pluviometer located in the experimental field, respectively. Other climatic data were obtained from Erzurum meteorological station, which is at a distance of 5 km from the experimental field.
According to the U.S. soil taxonomy, the experimental area soils were classified as Aridisol. Some physical and chemical soil properties for layers of 0-30 cm in experimental area were determined. In lettuce, effective rooting depth (0-30 cm) with clay loam texture (28.9% clay, 35.3% silt, and 35.8% sand); the pH; electrical conductivity (EC); plant-available P; exchangeable Ca, Mg, K, Na; available Fe, Mn, Zn, Cu, B; bulk density; soil moisture contents retained at the FC and wilting point, and CaCO 3 ; and organic C contents were 7.63; 1.28 dS · m -1 ; 11 mg · kg -1 ; 22.10 cmolc · kg -1 , 3.25 cmolc · kg -1 , 1.82 cmolc · kg -1 , 0.14 cmolc · kg -1 ; 1.96 mg · kg -1 , 1.38 mg · kg -1 , 1.46 mg · kg -1 , 0.81 mg · kg -1 , 0.26 mg · kg -1 ; 1.33 g · cm -3 ; 28.6% and 16.9%, and 2.28%; and 1.44 g · kg -1 , respectively. Available water holding capacity of the soil is 121.3 mm in the 0.90 m soil profile.
Experimental design and bacteria applications to seedlings. The experiment was conducted as split plot based on randomized complete block design with three replications. Three levels of irrigation, I 1 = 100% (control), I 2 = 75%, and I 3 = 50% of the FC, were determined at the 0-15 cm soil depth by TDR, as main plots and three levels of bacterial species consisting of no bacterial inoculation (control), B. megaterium TV 6D (B 1 ), and B. subtilis TV 12H (B 2 ) as sub plots. Bacterial strains (B. megaterium TV 6D and B. subtilis TV 12H) used in this study were obtained from the culture collection unit in the Department of Plant Protection, Faculty of Agriculture at Atat€ urk University, Erzurum, Turkey. We selected two potential PGPR from a pool of 460 rhizobacterial isolates based on their ACC deaminasecontaining, auxin (IAA)-producing, N 2 -fixing, and P-solubilizing strains. The bacterial cultures were grown on nutrient agar for routine use, and maintained in Luria broth with 15% glycerol at -80°C for long-term storage. In previous studies, these strains were determined to have ability to grow in N-free conditions, solubilize phosphate, produce IAA, SA, and GA (Erman et al., 2010; Kotan et al., 2014; Turan et al., 2014) . The PGPR isolates could also grow and produce high amount of amino acid and hormone such as IAA, SA, and GA at the drought stress of -0.73 MPa created with PEG6000 (data not shown).
Lettuce (Lactuca sativa L. var. longifolia 'Yedikule') seeds were sown into plastic trays filled with peat. Seedlings were initially grown in a greenhouse and then transplanted after 1 month in rows on 20 July 2012 and 16 Aug. 2013. Application of the bacterial bio-formulation was performed using the dipping method in which seedling roots were inoculated with the bacterial suspensions in sterile water for about 20 min before planting. The bacterial suspension (1 · 10 8 colonyforming units/mL) was included into plastic trays containing 0.2 g of sucrose (10 mg · mL -1 ), and seedlings were soaked in this suspension. Additional applications were done 15 d after transplanting. Bacterial suspensions (10 L · ha -1 ) were injected into root zones of the seedlings.
Irrigation applications and plant cultivation. There were no insecticide and fungicide treatments in either experiment. Weeds were kept under control by handweeding. In both years, regular cultural practices were applied uniformly through all plots. Water obtained from the groundwater was used in irrigations. The irrigation water with the pH value (7.46) close to neutral, and the low EC (0.305 dS · m -1 ) and the sodium adsorption ratio (0.52) were good quality. The groundwater (irrigation water) stored in a pool was conveyed to the experimental field by a pipeline and applied to the experimental plots by a drip irrigation system. Plots consisted of four rows with 30 cm apart and were 4.5 m in length with 30 cm within-row spacing. There were 27 plots.
A lateral line with the length of 4.5 m in each row was placed. Polyethylene lateral with in-line type emitters at 0.33 m emitter distance was F16 mm in diameter. The emitters had a discharge rate of 3.8 L · h -1 under an operational pressure of 1 atm.
All treatments during seedling planting were irrigated equally, and the current moisture at 0-30 cm soil depth was reached to the FC in both years. The evaporation amounts from Class A pan was used to determine the amounts of irrigation water applied to three different irrigation treatments (I 1 , I 2 , and I 3 ). Irrigations were made every 4 d during the growing period in trial years. Irrigation water amounts were calculated with below pan evapotranspiration (ET) equation (Ertek, 2011) .
where I is the irrigation water amount (mm), E p is the cumulative pan evaporation value in planned irrigation interval (mm), IR is the irrigation level (1.0 for the I 1 treatment, 0.75 for the I 2 treatment, and 0.50 for the I 3 treatment), P is the wetting factor, W p is plant cover width (m), and W r is plant row spacing (m). The P value changed in the range of 0.30-0.90 during growing periods in 2012 and 2013. Crop evapotranspiration (ET c ) of lettuce in control plots was calculated using the soil water balance equation (Allen et al., 1998) :
where ET c is the crop evapotranspiration, I is the irrigation quantity, P is the precipitation, C is the capillary rise, D is the deep percolation, R is the surface runoff, and DS is the change in the root zone soil moisture content. The unit of all parameters in the soil water balance equation is millimeter (mm). Capillary rise from groundwater did not occur due to deep groundwater level (>20 m). The amount of water from irrigation or precipitation above FC in root zone (0-30 cm) was considered deep percolation. No runoff was observed during the experiments due to controlled irrigation. Soil moisture measurements for the determining of the DS were made gravimetrically in soil layers of 0-30 and 30-60 cm during the growing period and harvesting, respectively.
Irrigation water use efficiency (IWUE) (kg · m -3 ) was calculated by dividing the total lettuce fresh yield (g · m -2 ) by the amount of seasonal irrigation water (mm) (Howell, 2001) .
Leaf chlorophyll reading value. The leaf greenness of the lettuce plants was determined by a portable chlorophyll meter (SPAD-502; Konica Minolta Sensing, Inc., Osaka, Japan).
Stomatal conductance. A porometer (Sc-1 Porometer; Decagon Devices Inc., Pullman, Received for publication 26 May 2015. Accepted for publication 10 July 2015. We are very grateful to the Atat€ urk University, Scientific Research Projects Foundation for generous financial support (project number 2012/268). 1 Corresponding author. E-mail: ertanyil@atauni. edu.tr. WA) was used to measure SC [mmol (H 2 O) · m -2 · s -1 ] on the youngest fully expanded upper leaf, along the right abaxial side of the leaf lamina between 10:00 and 11:00 AM.
Measurement of EL. Ten leaf discs (10 mm in diameter) from fully expanded for the measurement of EL was put in 50-mL glass vials. Vials were then filled with 30 mL distilled water and allowed to stand in the dark for 24 h at room temperature. The EC (EC1) of the bathing solution was obtained at the end of the incubation period. Vials were heated in a temperaturecontrolled water bath at 95°C for 20 min and then cooled to room temperature and the EC (EC2) was measured. Electrolyte leakage was calculated as a percentage of EC1/EC2.
Leaf relative water content. LRWC was measured according to Gonzalez and Gonzalez-Vilar (2001) . The young fully expanded leaves were first removed from stem and immediately weighed to determine the fresh weight (FW). Leaves were then floated in distilled water inside a closed petri dish to determine the turgid weight (TW). At the end of the imbibition periods when a steady state was achieved, leaves were placed in an oven at 70°C for 48 h to obtain dry weight (DW). Values of FW, TW, and DW were used to determine the LRWC using the following equation:
Lipid peroxidation (measurement of MDA). Lipid peroxidation was estimated by determining the MDA contents according to the method of Du and Bramlage (1992) .
Mineral analysis. Samples of the lettuce plant leaves were dried at 68°C for 48 h in an oven and then ground. To determine the total N, Kjeldahl method was used with a Vapodest 10 Rapid Kjeldahl Distillation Unit (Gerhardt, Konigswinter, Germany) (Bremner, 1996) . An inductively coupled plasma spectrophotometer (Optima 2100 DV, ICP/OES; Perkin-Elmer, Shelton, CT) was used to determine tissue P, K, Ca, Mg, Na, Fe, Mn, Zn, Cu, and B (Mertens, 2005) .
Growth parameters. Forty-nine and fortythree days after planting in 2012 and 2013, 10 plants from each replicate were randomly harvested, and data on plant growth variables such as head FW, head DW, stem diameter, and head height were collected. The plant material for DW was dried at 70°C for 48 h.
Statistical analysis. The SPSS program was used to evaluate the data (SPSS, 2010). The experimental design was hierarchical with respect to two factors arranged in a split plot based on randomized complete block design with three replications. Data were subjected to analysis of variance to compare the effects of irrigation levels and PGPR treatments. The differences among the means were compared using the least significant difference test (P < 0.05).
Results
Irrigation quantity and ET. The seasonal irrigation quantities applied to the I 1 , I 2 , and I 3 treatments were 162.8, 122.2, and 81.4 mm in 2012 growing period and 128.2, 96.1, and 64.2 mm in 2013 growing period, respectively. Lower evaporation in 2013 caused lower water applications compared with 2012. Seasonal ET (ET c ) values of lettuce in control plots in 2012 were 212.2, 186.9, and 156.8 mm in the I 1 , I 2 , and I 3 treatments, respectively. The ET c values in 2013 were also 147.5 mm in the I 1 , 128.0 mm in the I 2 , and 107.8 mm in the I 3 . The irrigation water compensation for crop water consumption (Irc) in 2012 was 0.77 in the I 1 , 0.65 in the I 2 , and 0.52 in the I 3 . In addition, these values in 2013 year were 0.87, 0.75, and 0.60 in the I 1 , I 2 , and I 3 , respectively. Initial soil moisture during seedling planting for all treatments was at FC in both years. Therefore, high water stress in lettuce plants was appeared under low-Irc conditions.
Growth, yield, water-yield relationship, and IWUE. Irrigation levels and PGPR treatments significantly (P < 0.05) affected the growth of lettuce (Table 1) . Head FW, head DW, head height, and stem diameter of lettuce plants were lower at I 2 and I 3 irrigation levels as compared with I 1 . However, PGPR applications improved these parameters at lower irrigation levels compared with control (no PGPR inoculation). The highest head FW and DW, head height, and stem diameter were recorded in PGPR inoculated plants in all irrigation treatments.
Yield of lettuce in 2012 was significantly (P < 0.05) higher than the yield in 2013. Moreover, yield was significantly (P < 0.05) affected with PGPR treatments and irrigation quantities in both years. Decreasing irrigation quantities significantly (P < 0.05) decreased the lettuce yield in both years (Table 1) . Yield were decreased linearly with reducing irrigation quantities (Fig. 1) . However, the linear relationship equations obtained were not significant. In addition, significant nonlinear relationships could not be observed. PGPR treatments significantly increased the yield compared with control (no PGPR inoculation) under both well-watered and water deficit conditions in both years (Table 1) . The B 1 bacteria application provided the highest yield values in both years regardless of the irrigation treatments (Table 1 ). The yield values in B 1 were 18.1% and 12.1% higher than the values of control treatment in 2012 and 2013, respectively. The I 1 treatment in the B 1 and B 2 bacteria applications had higher fresh yield values by 18.5% and 21.0%, respectively, compared with the value of I 1 treatment in the control.
Significantly higher IWUE values were determined in 2012 compared with 2013 ( Fig. 2) . It could be said that higher yield values in 2012 provided higher IWUE values. As shown in Fig. 2 , the IWUE values were significantly (P < 0.05) higher in the B 1 bacterial treatment compared with the control in 2012. In addition, the I 3 irrigation treatment provided higher IWUE values compared with the I 1 and I 2 irrigation treatments. When considering the bacteria and irrigation treatments together, the I 3 treatment had the highest IWUE value (71.4 kg · m -3 in 2012 and 35.0 kg · m -3 in 2013) under the B 1 bacteria application conditions. The IWUE value in I 3 treatment under the B 1 bacteria application conditions in 2012 and 2013 trial years was by 16.9% and 17.9% higher than the value in I 3 treatment in the control, respectively.
Plant nutrient element content. The concentrations of plant nutrient elements in the leaves of lettuce in response to PGPR and irrigation treatments of each year are shown in Table 2 . Statistical analysis showed significant differences among PGPR and irrigation treatments for macro and micro nutrient contents of the plants except Na content. Macro and micro nutrient contents of lettuce in 2012 were significantly (P < 0.05) higher than the nutrient contents of lettuce in 2013 (Table 2 ). Plant nutrient content of lettuce leaves generally decreased with the decreasing irrigation level; however, PGPR inoculations improved plant nutrient content under lower irrigation levels. The highest K, P, Mn, Zn, B, and Fe concentrations were obtained from B 1 treatment whereas N, Ca, and Mg from B 2 in 2012. In 2013, the highest P, Mn, B, Fe, and Zn concentrations were determined in B 1 treatment while K, Ca, Mg, and Cu were determined in B 2 .
MDA, SC, LRWC, LCRV, and EL. PGPR applications and irrigation quantities significantly (P < 0.05) affected some physiological properties such as MDA, EL, LRWC, and SC of lettuce (Fig. 3) . Lower irrigation levels caused a decrease in LRWC and SC but an increase in MDA and EL. However, PGPR inoculations significantly increased LRWC and SC, and decreased EL and MDA of the lettuce plants grown under lower irrigation levels. Leaf chlorophyll reading value (LCRV) was affected by neither irrigation levels nor PGPR applications. B 1 and B 2 applications at I 3 increased LRWC by 10.0% and 13% in 2012, 15.0% and 9% in 2013, respectively, as compared with control. Similarly, SC values at I 3 were raised by B 1 and B 2 applications at the ratio of 19% and 45% in 2012 and 46% and 41% in 2013, respectively, when compared with control. The lowest values of EL were obtained from B 1 while MDA from B 2 at I 3 .
Discussion
Seasonal ET c values of lettuce in 2012 were higher than those in 2013. Higher ET c values in 2012 could be explained with higher air temperatures and longer growing periods compared with 2013. Average air temperature was 20°C during growing period in 2012 and 16.1°C during 2013 growing period. Moreover, total growing period in 2012 and 2013 were 49 and 43 d, respectively. Some researchers determined similar ET values with our results. Kuslu et al. (2008) found average 232.3 mm ET value for fully irrigated curly lettuce in Erzurum, Turkey. Kadayifci et al. (2004) obtained that ET of fully irrigated lettuce was 285 mm under greenhouse conditions. HORTSCIENCE VOL. 50(9) SEPTEMBER 2015 Oliveira et al. (2005) determined a 117 mm average water use for head lettuce irrigated with subsurface drip system.
The highest yield values were obtained from the I 1 regardless of PGPR treatments. The yield values in the I 1 treatment as average of all treatments were 6657.8 g · m -2 in 2012 and 3727.9 g · m -2 in 2013. The I 2 and I 3 treatments provided lower yields by 11.7% and 21.1% in 2012 and 20.5% and 44.5% in 2013, respectively, compared with the I 1 treatment. Our results were similar to those of Kadayifci et al. (2004) , Kuslu et al. (2008) , and Yazgan et al. (2008) , who determined that lettuce yield significantly decreased with reducing water applications. Lower irrigation levels negatively affected the plant growth parameters such as head FW, head DW, plant height, and stem diameter of lettuce. Water deficit negatively influences the plant growth by changing a series of morphological, physiological, and metabolic processes and reduces the yield of plant (Fard et al., 2011) . Lipiec et al. (2013) reported that drought stress resulted in reduced accumulation in plant mass, shorter first internode, increased tillering, early senescence and premature death, and fruit discoloration and damage in various plants.
The results of the study showed that yield and growth were significantly increased by PGPR inoculations under lower and wellwatered conditions, and PGPR inoculations could alleviate the deleterious effect of drought stress on the growth and yield of lettuce. The highest growth parameters investigated and yield were obtained from B 1 (B. megaterium TV 6D) treatment in both years. Our findings are similar with earlier studies showing that PGPR inoculations could improve the yield and growth of different crops grown under drought stress (Arkhipova Gururani et al., 2013; Heidari and Golpayegani, 2012; Marcinska et al., 2013; Saravanakumar et al., 2011) . PGPR have been reported to have the potential of the amelioration of deleterious effects caused by drought stress in crops (Hayat et al., 2010; Mayak et al., 2004) . Recent researches on PGPR revealed that they could enhance the plant growth under stress conditions by producing ACC deaminase (Dey et al., 2004) , generating plant growth regulators such as IAA (Turan et al., 2014) , GA (Narula et al., 2006) , and cytokinins (Ortíz-Castro et al., 2008) . In addition, they can fix asymbiotic nitrogen (Ardakani et al., 2010) and help in the solubilization of ''mineral phosphates'' and other nutrient elements (Hayat et al., 2010) . Similarly, PGPR strains used in the study have been shown to produce ACC deaminase, to have capability to grow in N-free conditions, solubilize phosphate, and produce IAA, SA, and GA (Erman et al., 2010; Kotan et al., 2014; Turan et al., 2014) . Irrigation levels and PGPR applications significantly affected IWUE values in 2012 while interaction was not significant in 2013. I 3 irrigation treatment increased IWUE values compared with the I 1 and I 2 irrigation treatments in all PGPR treatments (Fig. 2) . While some previous studies indicated that IWUE values were generally higher under lower irrigation conditions (Bozkurt et al., 2009; Kuslu et al., 2008) , some of them also indicated that IWUE values decreased with lower water applications (Bozkurt and Mansuroglu, 2011; Kadayifci et al., 2004) . PGPR treatments positively affected IWUE values at all irrigation levels in 2012. In addition, B 1 provided higher IWUE values than other PGPR applications. Earlier studies suggested that PGPR could improve drought tolerance and water use efficiency of plants under water deficit conditions (Marulanda et al., 2009; Sandhya et al., 2010) . PGPR have been reported to facilitate the rooting and growth of plants grown under drought stress by improving the water use efficiency (Mayak et al., 2004) . The ET values of lettuce in 2013 were lower than the values in 2012.
Results of the study indicated that irrigation levels had a significant effect (P < 0.05) on some physiological characteristics of lettuce (Fig. 3) . In our study, lower irrigation levels significantly decreased LRWC and SC, and significantly increased MDA and EL in lettuce. Leaf water content and gas exchange are physiological processes very susceptible to drought stress (Marcinska et al., 2013) . The stomatal closure to reduce the water loss in leaves is one of the changes in plants grown under drought stress (Farooq et al., 2009) . Previous studies indicated that the photosynthesis rate and transpiration were substantially lower under water deficit than under well-watered conditions. The decline in the photosynthetic rate under drought stress is frequently attributed to lower internal CO 2 , inhibition of photosynthetic enzymes (e.g., rubisco) and synthesis of adenosine triphosphate (Lipiec et al., 2013) . Drought stress can cause the reduction of water content, turgor, total water potential, wilting, closure of stomata, and the decrease in cell enlargement and growth. Severe water stress may result in arrest of photosynthesis, disturbance of metabolism, and finally death (Jaleel et al., 2008) . Drought stress has been reported to stimulate production of ROS, causing membrane injuries, protein degradation, enzyme inactivation, and thus induce oxidative stress (Liu and Huang, 2000; Zlatev and Lidon, 2012) . PGPR inoculations significantly (P < 0.05) increased LRWC and SC, and decreased MDA and EL values under lower irrigation levels. B 1 and B 2 treatments generally had greater LRWC and SC values compared with control (no bacterial inoculation) (Fig. 3) .
Elevated LRWC values by PGPR inoculations have been reported for tomatoes and peppers (Mayak et al., 2004) , maize (Marulanda et al., 2009 ) and strawberry (Karlidag et al., 2011) grown under osmotic stress. It was reported that PGPR inoculations could enhance plant tolerance to drought by increasing their water content, which can be attributed to the enhancement of root growth because of IAA produced by bacteria (Marulanda et al., 2009) . High LRWC has been suggested as a preferential mechanism for stress tolerance (Merah, 2001) .
Present results showed the cellular damages, as indicated by the increases in MDA, and membrane permeability (Fig. 3) . The observed increases in the MDA content and EL of lettuce leaves are similar to previous results reported by Bai et al. (2006) who stated that an increase of MDA and EL of plants grown under drought stress indicated oxidative damage to plants, which means lipid peroxidation may be a consequence of generation of reactive oxygen species. The increase of lipid peroxidation (MDA) could cause disorder and damage of the membrane system, and that a decrease in photosynthesis and respiration resulting from a damaged ultrastructure was the physiological factor resulting in decreased yield (Bai et al., 2006) .
There is evidence that antioxidant enzymes can eliminate free radicals and protect damage to membranes from stress conditions (Scandalios, 1994) . Some PGPR strains have been reported to elevate the levels of such enzymes in plants, which ameliorate the deleterious effects of drought stress (Kohler et al., 2008) . Previous studies indicated that PGPR-inoculated plants had higher stomatal conductance values than that of noninoculated ones under drought stress (Liu et al., 2013) . We used ACC deaminase-containing PGPR strains in the study. The ACC deaminase degrades the ethylene precursor ACC to a-ketobutyrate and ammonia, which helps the plant cells from desiccation under drought stress (Glick, 2005) .
PGPR applications and irrigation quantities significantly affected nutrient content. Lower irrigation levels caused a decreased nutrient content except Na content while PGPR inoculations increased generally their concentrations in lettuce compared with control (Table 2) . Plants grown under drought stress can accumulate some ions such as Na and some organic and amino acids to avoid deleterious effects of abiotic stress conditions. It has been reported that root cationexchange capacity and nutrient uptake in dry environments could be significantly reduced, and the relative uptake of polyvalent cations might induce additional toxicity (Lukowska and J ozefaciuk, 2013) . PGPR might increase the nutrient uptake from soils, thus reducing the need for fertilizers and preventing the accumulation of nitrates and phosphates in agricultural soils (Yang et al., 2009 ). Yildirim et al. (2006) reported that PGPR inoculations lowered the Na content and elevated K and Ca contents compared with the control in squash grown under salinity stress. Kloepper et al. (2007) pointed out that PGPR could improve the roots by producing phytohormones such as IAA, thus could increase the mineral element uptake and promote plant development. Promotion of root growth results in a larger root surface, and can, therefore, has positive effects on water acquisition and nutrient uptake (Dimkpa et al., 2009) . In our study, nitrogen fixation ability of PGPR could have been one of the main factors improving nutrient uptake and growth of lettuce. In addition, solubilization of phosphorus and production of hormones such as IAA, SA, and GA may have positive effect on nutrient uptake and growth of lettuce. Turan et al. (2014) suggested that PGPR treatments could affect root hormone levels by producing plant hormones such as IAA in the rhizosphere, which were then absorbed by the root. PGPR strains used in this study produced amino acid and hormone and were capable to survive under drought stress condition created with PEG6000. This research reveals that PGPR, which has high tolerance capability against drought stress, can be used for reducing the deleterious effects of drought conditions on yield and growth of lettuce. PGPR inoculations can be used as a good tool in the enhancement of growth and yield in plants and can be used as an agent in water deficit stress amelioration as an eco-friendly approach. B. megaterium TV 6D (B 1 ) treatment can especially be suggested for more yield and irrigation water use efficiency (IWUE) in lettuce growing under lower irrigation levels. In the future, we plan to prepare a commercial preparation after making a good carrier consist of organic material with long shelf life for the most effective bacterial strain.
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